Air traffic service is an extra-ventricular service which regulates and assists aircraft in real time to ensure their safe operations. The importance of the air traffic service is to prevent collision between aircraft and to expedite and maintain an orderly flow of the air traffic. The objective of this project is to assess the effectiveness of the installed system in assisting the air traffic controller in providing the air traffic service. In order to achieve this objective, the Automatic Dependent Surveillance and Controller Pilot Data Link Communication (ADS/CPDLC) system has been installed and its functionality to provide continuous surveillance and communication has been evaluated. A survey of 35 air traffic controllers had participated to assess the effectiveness of the system to the air traffic controller. The results showed that over 80% of the air traffic controllers agree that the system is able to provide a continuous surveillance and continuous communication over the oceanic area. Apart from that, 60% of the air traffic controllers agree the reduced separation minima can be applies over the oceanic area by using the application of the system. Base on this result, reduced separation minima over the oceanic area can be applied in order to expedite and maintain an orderly flow of air traffic over the oceanic area.
Introduction
Air traffic service is a service provided by ground based air traffic controller who directs aircrafts on the ground and in the air. The primary purpose of air traffic service is to separate aircrafts to prevent collisions, to organize and expedite the flow of traffic, and to provide information and other support for the pilots when needed.
In aviation, preventing collisions is referred to as separation, which is a term used to prevent aircraft from coming too close to each other by the application of lateral, vertical or longitudinal separation minima procedure. Separation standards are the minimum distances required between pairs of aircraft to limit the rate of collision [1] . Many studies have been conducted for data link communication [2] [3] [4] [5] [6] [7] .
In order to provide a safe service to the aircrafts, an Air Traffic Controller requires continuous communication and surveillance on the aircrafts [8] . These two facilities can be achieved by the availability of VHF Radio Communication system and the Secondary/Primary Surveillance Radar system [9] . However, due to the coverage limitation of these two systems, the air traffic services provided by the air traffic controller has been limited. Due to this limitation, another method of separation procedure is required where the distance between the aircrafts have to be increased from the distance based separation of 5 nautical miles apart to time based separation of 10 minutes apart between aircrafts. This has limited the number of aircraft transiting through this area while current situation demanding the increase number of the traffic volume. The problem arises due to: (i) No Very High Frequency (VHF) radio communication facility available over the oceanic area, and (ii) No surveillance service available over the oceanic area.
In order to provide an efficient service and to facilitate the increasing number of the traffic over the oceanic area, an air traffic controller requires the aid of communication and surveillance facility, while there are no VHF radio and surveillance coverage in this area. The objectives of this project are: i) To implement a medium of continuous communication between pilot and air traffic controller and a continuous surveillance system to the aircrafts transiting the oceanic area, and ii) To evaluate the effectiveness of the developed system to the air traffic controller in providing the air traffic service
Previous work
For the air traffic controller, separation is the term used for the concept of keeping an aircraft outside a minimum distance from another aircraft/s to reduce the risk of those aircrafts collision. Apart from that, it is also used to prevent accidents due to wake turbulence. In order to do this, air traffic controller needs to apply rules which is known as standard separation minima. For any two or more aircrafts which have been successfully applied with this rule are considered to be separated.
Primary Surveillance Radar (PSR)
The rapid development of radar during the wartime had given an obvious application for the air traffic control service as a means of providing continuous surveillance of the position of the aircrafts. Precise knowledge of the positions of aircraft has permitted a reduction in the normal procedural separation standards, which in turn allow in the increases in the efficiency of the airways system. This type of radar is known as the Primary Surveillance Radar. if the radio communications fail [11] . This project has been carried out to improve the air traffic control capability in providing the air traffic service over the Bay of Bengal.
Materials and Methods
This work begins with the assessment of the air traffic controller requirement in order to provide the efficient air traffic services over the oceanic area. The manual for air traffic controller has been reviewed to access regulation and requirement for the system to ensure the data provided can be used by the controller to provide the required separation standard. The required information on suitable Human Machine Interface (HMI) which is needed and suitable for the air traffic controller also had been acquired. Once the entire requirement has been collected, the design of the system has been proceed. The working model also has been created in order to assess whether the designed system has been design accordingly to the needed requirement.
All the design requirement and HMI will be evaluated during the pilot test which has been done by using computer simulation for all the connectivity with the aircraft. During this test, the position of the aircraft will be plotted on the air traffic controller working position's display and message exchange simulation will be conducted to ensure the system are capable of sending and receiving the message.
The system then has been put online where all the data from the aircraft has been fed to the system. The system performance to process all the information received from the aircrafts will be assess by comparing it with information receive from the Secondary Surveillance Radar (SSR) information. The project develops a survey questions to assess the effectiveness of the ADS/CPDLC system in providing the required services.
Results
The result shows that almost 50% of the surveyed duty air traffic controllers have been task regularly to operate the ADS/CPDLC system. Though, most of them find that the Human Machine Interface (HMI) of the system is not user friendly. Only about 35% of them agreed the HMI of the system is user friendly. This is might be the reason more than 80% of them disagree if the system operational should be expand to the other sectors, not only on the oceanic area. Somehow, in term of the operational over the oceanic area, more than 70% of the air traffic controller agreed that the system has reduced the job load of the air traffic controller to provide the air traffic service. Statement 6 and 7 in the questionnaire is to evaluate the effectiveness of the system to provide a continuous surveillance over the oceanic area. Figure 4 .15 shows the result of the survey. The survey shows that more than 80% of the air traffic controllers agree that the system has improved the surveillance over the oceanic area. Due to familiarisation to operate the system over
